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The primary uses for the simulant will be:
• Precipitation/Filtration studies (lab, bench and pilot-scale)
• LAW evaporation and antifoam studies.
Additional applications may be identified as the project proceeds.
Conduct of Testing
The development of the AN-102 simulant involved identifying an analytical basis for the waste composition. Charge balancing the basis composition requires using a method acceptable to the programs planning to use the simulant. Bench-scale experiments on metal solubility as a functio n of sodium gluconate concentration were conducted to establish a basis for the gluconate concentration. Additional tests were performed to determine the sequence of chemical addition to prevent unwanted reactions. The final step was measurement of the physical properties of the simulant for use in developing large batch recipes and for comparison with actual waste properties.
Results and Performance against Objectives
A formulation for a supernate simulant has been developed to represent waste from Hanfo rd Tank 241-AN-102. The simulant is designed to reproduce the nominal chemical composition of the supernate at 9.5 molar sodium (undiluted) and when the supernate is diluted to 6.5 molar sodium concentration. The simulant also includes a formulation to represent the unwashed entrained solids expected in the undiluted supernate.
Quality Requirements
This work was conducted in accordance with the RPP-WTP QA requirements specified for work conducted by SRTC as identified in DOE IWO MOSRLE60. SRTC has provided matrices to WTP demonstrating compliance of the SRTC QA program with the requirements specified by WTP. Specific information regarding the compliance of the SRTC QA program with RW-0333P, Revision 10, NQA-1 1989, Part 1, Basic and Supplementary Requirements and NQA-2a 1990, Subpart 2.7 is contained in these matrices.
The simulant development supports Sr/TRU precipitation/filtration, evaporation and ion exchange testing as specified in the following task plans:
• Task 
Issues
The development of the AN-102 simulant has not identified any issues for design or operation of the River Protection Project -Waste Treatment Plant (RPP-WTP).
DISCUSSION
INTRODUCTION AND BACKGROUND
Research and testing of the proposed processes for RPP-WTP typically requires the use of waste simulants designed to duplicate the chemical and physical properties of the waste. The complexity of the specific simulant is a function of the specific waste and of the process to be tested. The analytical basis for the simulant composition for most of the waste components comes from recent waste samples. [6] [7] [8] [9] The final waste component, sodium gluconate, was reported as a less than value (<1000 mg/Liter) while process history indicates that sodium gluconate was used during Hanford B plant processing. Sodium gluconate was used as a sequestering agent to prevent metal precipitation during B plant processing. An essential materials document from the 1970's indicates the consumption of 10,000 pounds per year of sodium gluconate (Reference 18).
The sample analyses used in formulating the AN-102 simulant are listed in Table 1 . The value shown for ethylenediaminetetraacetic acid (EDTA) for Reference 7 is based upon the sum of the maximum values observed for EDTA and for ethylenediaminetriacetic acid (ED3A). The concentration for cesium was based on summing the isotopic results from an analysis by inductively coupled plasma -mass spectrometry. The carbonate concentration was calculated from the TIC measurement. To provide a consistent basis for comparison, all of the samples were mathematically diluted to 6.5 molar Na based upon their specific sodium measurements. The result of the dilution is shown in Table 2 . The basis for the simulant is shown in the columns labeled "Diluted Simulant Basis" and "Undiluted Simulant Basis". The value for sodium for the undiluted supernate is based on the average of all four of the sample analyses. The values used for the major waste components (greater than 500 mg/L) were selected to represent the most recent sample analyses (References 6, 7,and 8). For the minor waste components (<500 mg/L), the value used was the maximum observed over the four samples. The organic composition is based primarily on the latest sample analysis (Reference 7) as requested by the project, supplemented as needed from the other samples. The value shown from Reference 7 for Ethylenediaminetetraacetate (EDTA) concentration is the sum of the maximum values observed for EDTA and for ethylenediaminetriacetate (ED3A) concentrations. The value for N-(2-hydroxyethyl)ethylenediaminetriacetic acid (HEDTA) shown in Table 1 from Reference 7 was set to the method detection limit (MDL) since the complexant is expected to be present in the AN-102 supernate. To allow for some uncertainty and to reflect the preliminary status of the analytical method used, the basis value for HEDTA was set at twice the MDL. The organic compounds included in the tables is based on the commercially available compounds that are either complexing agents, organic degradation products that are complexing agents, known organic additives from Hanford processes, or major organic radiolysis products.
The analytical basis derived as explained above is listed in Table 3 and Table 4 . Table 3 lists the inorganic composition undiluted (9.5 molar Na) and diluted (6.5 molar Na) used to create the simulant. The basis for the organic components is listed in Table 4 including the sodium gluconate value whose derivation is explained below. The final four organic acids were added to the simulant in order to produce a solution with some tendency to foam as observed with the actual AN-102 supernate. The concentrations the final four organic acids were based upon measurements of these compounds in tank AN-107 waste because quantitative analysis of these in a sample from tank AN-102 was not available when this report was issued. 10, 11 The concentrations for the rest of the organic components other than sodium gluconate were derived from the information in Table 1 and  Table 2 .
The basis for a concentration of sodium gluconate for the AN-102 simulant was determined by examining the transition metal solubility as a function of sodium gluconate concentration with all of the other complexing agents held constant. Test solutions were prepared that contained all of the measured waste components but with varying levels of sodium gluconate. After mixing for a minimum of 24 hours, the solutions were filtered through a 0.2-micron nylon filter and the filtrate submitted for analysis by inductively coupled plasma emission spectrophotometry (ICP-ES). This analysis technique is similar to photometric titrations where the absorbance or emission intensity is a linear function of the concentration of a light absorbing or emitting species. In this case, the metal ion is insoluble unless complexed. Therefore, if the solutions are filtered after adding the varying amounts of gluconate ion, then the measured increase in the soluble metal concentration will be directly related to the gluconate concentration. The expected result was that the concentration of soluble iron and other metals would be a linear function of the sodium gluconate concentration. A review of the data on the transition metals revealed that all of the soluble metal concentrations measured varied directly with the sodium gluconate concentration. Each set of data was fitted to a straight line as shown on each figure in order to determine the intersection with the target concentration for that metal. The intersection represents the minimum amount of sodium gluconate necessary to achieve the specific metals soluble concentration observed in the actual waste analyses. A target concentration of sodium gluconate of 1970 mg/L was chosen as a basis for the undiluted simulant based upon the information shown in Table 5 . This was derived from the amount required for manganese plus 10 percent to allow for some analytical variability. The value based upon calcium was not used because it was expected that EDTA would complex the calcium when the other metals are sequestered by the gluconate ion.
The first step in converting the analytical values to compounds is to check the balance between negative and positively charged ions. The balance is calculated by multiplying the concentration of an ion in moles/Liter by the charge of the ion and then summing the negative and positive concentrations as shown in Table 6 . The charge balance based upon the information in Table 6 was 0.846 moles more anions than cations (bala nce is 92 %). Reducing the hydroxide concentration to achieve charge balance was not possible or desirable without disturbing the aluminum solubility. Charge balancing by adjusting the carbonate level was not recommended because the carbonate concentration is crucial to the Sr/TRU precipitation process. Another option for achieving the charge balance was to adjust either the nitrate or nitrite concentrations. However, the relative concentrations of nitrate to nitrite were assumed to control the redox of the supernate. Therefore, the concentrations of nitrate and nitrite anions for an undiluted AN-102 supernate were proportionately decreased by 0.846 moles/Liter (NO 3 -by 0.553 and NO 2 -by 0.293 moles/Liter). Table 7 gives the concentrations of nitrate and nitrite anions after revising to obtain a charge-balanced composition. Based upon a volumetric preparation of the diluted 6.5 molar simulant, the density of the AN-102 simulant at 6.53 molar Na was 1.303 grams/mL at 298 K. The density for the undiluted AN-102 simulant (9.5 Molar Na) was 1.434 grams/mL at 298 K. Table 8 and Table 9 list the formulation of the 6.5 molar and 9.5 molar sodium simulant. A variation on this formulation has also been used which uses the trisodium salt of HEDTA and, therefore, uses slightly less sodium hydroxide.
The organic compounds in the simulant account for 58 % of the measured TOC (total organic carbon) in the actual waste. Matching the measured TOC was not attempted because complete identification and quantitation of all organic compounds would be necessary to match the TOC. If the known or currently measured organic species were increased to match the TOC, then additional charge balance problems would arise because it is assumed that the remaining organic species are oxidized portions of the complexing agents (typically organic acids). These remaining organic species are produced by reactions between the complexing agents and the reactive intermediates (OH . and O -) produced by the radiolysis of water in the presence of hydroxide ion. Table 8 and Table 9 do not specify the sequence of addition that was determined to produce an acceptable simulant. The procedure with the correct addition sequence used to produce one liter of the AN-102 supernate simulant at 6.5 molar Na is listed in Table 10 . The addition sequence used in Table 10 eliminates undesirable destruction of carbonate by the acidic compounds (acidic nitrates and acids) and prevents oxidation of the organic species by chromate. The analytical results for the AN-102 supernate simulant are described in the simulant validation section of this document.
Entrained Solids Simulant
The entrained solids in envelope C will experience the precipitation of strontium carbonate and manganese dioxide before being processed through a crossflow filter. Because the presence of the unwashed entrained solids may have an impact on the precipitation product, the entrained solids must represent the unwashed solids in the AN-102 supernate. The basis for the unwashed solids composition on a dried solids basis is shown in Table 11 . The basis was derived from a recent AN-102 sample after removing the easily soluble nitrate, nitrite and chloride. 7 The TIC value was converted to carbonate before formulating compounds to represent the entrained solids. The most significant species present in the unwashed solids were sodium, carbonate, oxalate, aluminum, phosphate, sulfate and fluoride. By definition, the entrained solids should be compounds of limited or low solubility. After reviewing various combinations of cations and anions based on the requirement of low or limited solubility, the formulation given in Table  12 was deemed the most reasonable composition while providing consistency with the associated waste solution. The compounds were also chosen based upon their industrial availability. Note: The weight percent entrained solids will be set by the task using the simulant.
Some of the compounds present in the largest amounts are expected to be dissolved during the Sr/TRU washing process.
Particle size information is not available for the entrained solids in actual AN-102 waste. Therefore, the basis used for the particle size of the entrained solids simulant was set to less than 325 mesh (smaller than 44 micron) based upon an agreement with the customer. The particle size of the entrained solids is expected to decline (become smaller) due to shearing during the SR/TRU mixing/filtration and due to dissolution during washing. Entrained solids loading will be determined by the tests that utilize the simulant.
Simulant Validation
Chemical Composition Validation
The first step in validation of the simulant is to determine whether the simulant basis (Table  3) is consistent with other sources of information for this waste within the WTP project. Most of the transition metals are at slightly higher concentrations in the simulant basis than those in the TFCOUP. For the major species, sodium and the anions, the value in TFCOUP is larger. Comparing the composition on an equivalent sodium basis would have had the anions matching better but also shifted the transition metals to a higher percentage of the TFCOUP.
Test solutions of the undiluted simulant and diluted simulant were prepared using the general procedure shown in Table 10 . After mixing for 24 hours the solution was filtered through a 0.45-micron nylon filter and the supernate submitted for analysis. The wet (unwashed) solids were collected from the filters and submitted for x-ray diffraction (XRD) to determine the major phases present. The amount of undissolved solids recovered from the undiluted simulant was estimated at less than one weight percent.
The undiluted simulant produced two different types of solids, which were analyzed separately. The first type of solid was white and denser than the other solids. The second solid was finer and had a yellow-white color. The XRD analysis of the white solids tentatively identified the solids as Thermonatrite (Na 2 CO 3 •H 2 O) and Natrophosphate (Na 7 F(PO 4 ) 2 (H 2 O) 19 ). The presence of sodium carbonate in the solids for the undiluted simulant implies that the solution is probably saturated in carbonate anion. Dilution of the simulant to the nominal starting conditions of the SR/TRU process should dissolve the sodium carbonate. The presence of the sodium carbonate solids matches the expected high level of carbonate (based on TIC) in the unwashed entrained solids shown in Table 11 . The other compound detected is the double salt, sodium fluorophosphate, and may be the result of excessive fluoride levels. Analysis of fluoride by ion chromatography can produce high results due to interference from organic acids. The second type of solid found in the undiluted simulant was also analyzed by XRD. The tentatively identified compounds included the thermonatrite and the natrophosphate previously observed. Also identified were a second double salt, Kogarkoite (Na 3 FSO 4 ) and Nitratine (NaNO 3 ). The sodium nitrate observed by the XRD is expected to be due to the interstitial liquid within the filtered solids layer. The impact of these solids on the supernate composition is that the supernate should be low in fluoride, phosphate, sulfate and carbonate.
Considerably fewer solids (estimated at less than 0.5 weight %) were obtained from the 6.5 molar simulant solution. The only compound detected by XRD was the fluorophosphate double salt, natrophosphate (Na 7 F(PO 4 ) 2 (H 2 O) 19 ) as shown in Figure 6 . The vertical lines in Figure 6 indicate the positions where peaks are expected based upon the identified compound and the relative intensity of those peaks. The nearly perfect match with the identified compound indicates that practically no other insoluble solids were present. As expected, because the supernate was much more dilute, all of the carbonate was in solution. The analytical results for the filtered AN-102 supernate simulant listed in Table 14 and Table  15 were produced as previously described. The samples of the supernate were analyzed by inductively coupled plasma-emission spectroscopy (ICP-ES), ion chromatography (IC), ion exclusion chromatography (IEC), high performance liquid chromatography (HPLC), derivatization gas chromatography-mass spectrometry (GCMS), and total inorganic carbon/total organic carbon by persulfate oxidation (TIC/TOC).
and nitrite, is also very good. The supernate analysis for phosphorus and phosphate are fairly consistent and are low which is also consistent with the insoluble fluorophosphate species observed in the solids at both concentrations of simulant. The higher phosphate level measured in actual AN-102 supernate probably indicates that the actual fluoride level is lower than the level that has previously been reported. The fluoride analysis result, particularly in Table 15 , demonstrates the presence of interfering components because fluoride should be low due to the precipitated fluorophosphate salt instead of high. Sulfate in the undiluted supernate is also low and confirms the precipitation of sulfate as the fluorosulfate salt. Other analyses showing evidence of interference are formate and carbonate by IEC and the interference is probably due to the complex nature of the AN-102 formulation (multitude of organic acids). The low result for HEDTA may be due to chemical degradation of the complexing agent as previously reported for caustic solutions.
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Physical Property Validation
Density
The density of the simulant was measured at several different sodium concentrations for comparison with actual AN-102 supernate densities. Table 16 compares the simulant density to the actual density at 25 ° C for diluted and undiluted supernate. During development of a prior envelope C simulant, for tank AN-107 supernate, Equation (1) which related the sodium concentration (X, molarity) to the density (Y, gm/L) was empirically developed to allow predictions of densities for different sodium concentrations when the supernate is diluted:
Equation (1) was tested to determine if it could also be applied to the AN-102. As shown in Table 17 , Equation (1) can be used to predict the density of the simulant at a different sodium concentration. 
Rheology
The rheological properties of the diluted and undiluted supernate simulant were investigated using a Haake RS-150 rheometer. The samples were analyzed across the shear rate range of 0 to 800 1/seconds using the DG-41 (double gap) concentric cylindrical sensor at 25 ° C. Figure 7 shows comparisons of the flow curves for duplicate runs at 6.5 molar Na and 9.58 molar Na to the linear regression lines from actual waste sample runs. The actual waste samples were pretreated AN-102 samples and were run on a Haake RV20/M5 rheometer with the NV double-gap concentric, cylindrical sensor at 25 ° C. 13 The flow curves for both simulants and for the actual waste samples show that the liquids are Newtonian. For a Newtonian liquid, the ratio of shear stress to shear rate is a constant, which is the viscosity of the liquid. A comparison of the viscosity of the simulant to the pretreated AN-102 waste sample is shown in Table 18 . The agreement between the actual waste and the simulant is very good after allowing for the error factor listed for the waste sample.
CONCLUSION/SUMMARY
A formulation for a supernate simulant has been developed to represent waste from Hanford Tank 241-AN-102. The simulant is designed to reproduce the chemical composition of the supernate at 9.5 molar sodium and after the supernate is diluted to a 6.5 molar sodium concentration. The simulant also includes a formulation to represent the unwashed entrained solids expected in the undiluted supernate. 
SIMULANT WASTE STREAM COMPOSITION AND UNIT
OPERATION USAGE
CHARACTERIZATION DATA DESCRIPTION
The AN-102 supernate simulant was developed to replicate the chemical and physical properties of the actual AN-102 supernate diluted to 6.5 molar Na. The simulant metals and anionic constituents' concentrations are to agree with actual waste concentrations within ±10%, or within analytical error of the method as determined by inductively coupled plasma atomic emission spectrometry (ICPAES), inorganic ion chromatography (IC), gas chromatography-mass spectrometry (GCMS) and other organic characterizatio n methods. Density is determined gravimetrically. Viscosity is determined as a function of temperature.
The AN-102 entrained solids simulant was developed to represent the types of compounds expected to be present in the unwashed solids entrained in the AN-102 supernate.
FLOWSHEET OPERATION FOR WHICH THE SIMULANT WAS DEVELOPED
The AN-102 supernate and entrained solids simulants are intended to support the Sr/TRU precipitation process, crossflow filtration process and waste feed evaporation pretreatment studies. The close match in rheological behavior of the supernate simulant and actual waste also makes it a good candidate as a rheological simulant.
ACTUAL SIMULANT PREPARATION PROCEDURE
CHEMICALS TO USE
Reagent-grade nonradioactive compounds were chosen to match the chemical composition of the AN-102 waste. Cost, chemical availability, and ease of scale up were considered in choosing which chemicals to use.
The metals are primarily added as the metal nitrates due to their high solubility and availability. Many of these salts contain waters of hydration and the specific form to be used is shown in Table A-1. Care must be taken in storing and using some of these compounds due to their tendency to readily absorb water. Using a salt, which has obviously absorbed excess water, will lead to missing the target value for that metal. When necessary, a solution of the metal nitrate can be used. However, the water additions shown in Table A-1 will have to be appropriately reduced to account for the water in the metal nitrate solution. Chromium, molybdenum and tungsten are added as the chromate, molybdate and tungstate salts matching the soluble properties of the measured species in the waste.
The complexing agents are generally added as the free acid form or as the sodium salt of the acid. Boric acid is used for boron because the expected form of boron in the waste is as the borate anion. The remainder of the anions are added as the sodium salt.
The entrained solids simulant was formulated with very low-solubility or limited-solubility compounds that are easily obtained. The recommended particle size for the solids is less than 44 micron (smaller than 325 mesh).
All radioactive components are deleted from both simulant compositions. Radioactive Cs was replaced with non-radioactive Cs, which was added at the total Cs concentration. Radioactive Sr was replaced with non-radioactive Sr, which was added at the total Sr concentration. No appropriate surrogate for U or the other transuranics was identified.
CHEMICAL ADDITION ORDER
The order of chemical addition to produce the supernate simulant is shown in Table A-1 and is based upon the following logical steps:
• Prepare solution of metal nitrates.
• Add acid-stable complexing agents and acid stable salts.
• Convert solution from acid to base by addition of sodium hydroxide and selected basic salts.
• Add base-stable salts and complexing agents.
These steps produce the desired complexes expected in the waste simulant while avoiding the acid-induced decomposition of carbonate or nitrite or oxidation-reduction reactions between reducing species such as formate, glycolate or oxalate and the transition metals.
The water used for the simulant should be deionized water to limit the addition of other uncontrolled species. The mass of water added in each step is based upon producing a simulant solution with a total Na concentration of 6.5 molar and a solution density of 1.303 g/mL at 25 ° C. The order of addition for the chemicals needed to produce the entrained solids simulant is not an issue. Instead, the entrained solids simulant must be prepared by adding the compounds to a completed AN-102 supernate simulant. The compounds to add are shown in Table A-2 in terms of grams of each compound per 100 grams of entrained solids. The weight percent entrained solids loading should be specified by the specific task that will use the simulant. 
PRECAUTIONS
• Material Safety Data Sheets (MSDS) should be reviewed for all of the compounds in the simulant formulation.
• Appropriate safety apparel (acid-resistant gloves, etc) should be worn when working with chemicals as specified in the MSDS.
• Addition of the transition metal nitrates to the initial solution will produce a very acidic solution.
• Addition of the NaOH results in significant heat generation. The NaOH can be added slowly allowing heat to dissipate, or the mixing container can be cooled by use of an external or internal cooling system (ice bath, cooling coils, etc).
• During the initial stages of sodium hydroxide addition, significant Al solids form.
Mixing may become difficult at this point. The Al solids will return to solution when pH ~9 is exceeded.
• The carbonate salts are added after the NaOH to avoid carbonate decomposition.
• The sodium formate and sodium glycolate are added after the NaOH to prevent any redox reactions from occurring. The acid forms (formic acid and glycolic acid) are fairly strong reducing agents and can react with nitric acid and other possible oxidizers such as some of the transition metals.
• The sodium chromate is also added after the NaOH. In acid, the chromate converts to dichromate, which is a very strong oxidizer and can react with acetate, formate, glycolate, citrate, oxalate and other organic species in the simulant.
• Addition of sodium nitrite must be made after the addition of sodium hydroxide to avoid generation of NO x vapors.
OTHER CONSIDERATIONS
The supernate simulant can be filtered through a 0.45 µm filter to remove the sodium fluorophosphate solids if the simulant is needed for some purpose other than the Sr/TRU process studies. However, if the simulant is for precipitation studies then prefiltering the simulant is unnecessary.
The simulant should be stored in a polyethylene container (or equivalent). Storage in glass may result in etching of the glass.
The shelf life for this simulant has not been fully evaluated. However, based on appearance of a film on the bottles after several months, the slow decomposition of the less stable complexes may be occurring.
KEY CHARACTERISTICS AND LIMITATIONS OF AN-102
SUPERNATE SIMULANT
KEY CHARACTERISTICS
The simulant composition is to match major, minor, and trace constituents of actual AN-102 waste diluted to 6.5 M Na. Of specific concern are the constituents that affect the Sr/TRU precipitation processing parameters. These constituents include the Na, Sr, OH -, and CO 3 -2
concentrations. Solution density and viscosity are also process-affecting (Townson, 2001 ).
LIMITATIONS
The simulant limitations are based primarily on chemical composition.
• Fluoride concentration may be excessive in the supernate simulant due to potential interferences in the fluoride measurements for Envelope C wastes.
• Envelope C wastes contain very high levels of organic carbon due to the presence of complexants and their decomposition products. Only about 50-55% of the TOC in the actual AN-102 is accounted for in the AN-102 simulant. The incomplete organic constituent reconstruction may have an effect on the minor and/or trace cation solubilities and behavior. In addition, application of the AN-102 simulant to LAW vitrification studies may require the careful selection of additional organic compounds to increase the TOC loading.
These uncertainties are not expected to cause significant performance variability for filtration processing activities.
VALIDATION OF THE SIMULANT
Validating simulants includes determining chemical composition, physical properties, rheological properties, and process performance (Townson 2001 ). The simulant chemical composition was evaluated from three independent measurements relative to four independent analyses of actual AN-102 tank waste supernate. Major, minor, and trace analyte compositions in the simulant were to match the actual waste composition to within ±10% or within the analytical uncertainty of the analysis method. Physical-property testing specifically included density, again in comparison to actual AN-102 tank supernate. The rheological properties were tested similarly to the AN-102 diluted-feed tank waste that was processed through the small-scale pretreatment unit operations.
CHEMICAL COMPOSITION
The measured concentrations of the major constituents for the supernate simulant (present at >0.1 molar) compared very well with the planned simulant composition. The major species, which included Na, Al, Cl, formate, NO 3 -, NO 2 -, and SO 4 -2 , were within 10 percent of the target value and the carbonate was within 15 percent of the target value. The only major species that missed the target value was glycolate based upon an analytical result that may be problematic and needs more work. Hydroxide which was also present at >0.1 molar was not measured.
Most of the minor and trace species, present at less than 0.1 molar, also compared favorably with the target values. These minor and trace species that were within 10 % of target values included B, Cd, Cr, Fe, La, Mn, Nd, Ni, Pb, W, iminodiacetic acid, nitrilotriacetic acid, oxalate and total organic carbon. Minor and trace species that were within 25 % of target values included Ca, Cu, K and Mo. Analytical measurements of some of the complexing agents such as EDTA and HEDTA produce highly variable results and additional analytical measurement work is probably necessary. Two of the minor species, fluoride and phosphate, are definitely off of their target values and this is consistent with the production of an insoluble fluorophosphate salt, natrophosphate.
Undissolved solids (UDS) were formed as a by-product of the supernate simulant preparation. The solids were analyzed by XRD and were primarily sodium fluorophosphate, Na 7 F(PO 4 ) 2 (H 2 O) 19 , also known as natrophosphate. Simulant preparations at higher Na concentrations also produced additional insoluble compounds based upon XRD and these included sodium carbonate (thermonatrite (Na 2 CO 3 •H 2 O)), sodium fluorosulfate (kogarkoite (Na 3 FSO 4 )), and sodium nitrate. After filtration, no additional solids were observed.
The entrained solids simulant composition was not analyzed for chemical composition due to the problems with sampling and characterization of very dilute insoluble solids systems. Instead, the composition is administratively controlled to insure that all additions are made to the supernate in the correct amounts. Verification that all of the compounds in the entrained solids have been added to the supernate simulant are required when producing an AN-102 entrained solids simulant.
CHARGE BALANCING
The anionic and cationic species present in the targeted AN-102 simulant composition was charge-balanced and a summary of the charges and the balance are shown in Table A Careful attention was given to the ionic form of each component added to the simulant as well as to simulant chemistry at the time the component was added. The addition sequence was designed to produce the expected chemical species in the simulant such as the complexes of the alkaline earth and transition metals with the organic complexants. Chromate was added after shifting the pH to basic conditions to maintain Cr in the +6 oxidation state. The organic species, which can act as acidic reductants, were added to the caustic solution as sodium salts to prevent unwanted oxidation state changes. Phosphorous is expected to be present in tank waste as phosphate and was thus added as phosphate.
Development of the entrained solids simulant focused on mass balance for the major species (especially for sodium) in determining the compounds to use in the simulant.
SIMULANT PROPERTIES COMPARED TO ACTUAL WASTE PROPERTIES
Good agreement was obtained with the actual waste supernate and supernate simulant densities. The measured density of the AN-102 diluted simulant at 6.5 Molar Na was 1.33 g/mL while the actual untreated AN-102 supernate diluted to 6.4 molar Na was 1.30g/mL.
The rheograms of the waste and the simulant indicate that the fluids are Newtonian in behavior since they are linear with the shear rate versus shear stress relationship passing through the origin. The viscosity of the AN-102 simulant was virtually identical to that of the pretreated (Sr/TRU processed and Cs and Tc removed) actual waste AN-102 diluted feed. The AN-102 actual waste and the simulant were both Newtonian fluids in rheological behaviors. The average viscosity of the actual AN-102 waste at 6.0 M Na and 25°C was 4.0±1.0 cP, and the average viscosity of the AN-102 simulant at 6.5 M Na was 3.5±0.1 cP. The difference in error bars was due to the difference in the instruments used to make the measurements. Based upon a comparison of their relative errors, there is no statistical difference between the viscosities of the simulant or the actual waste.
Comparison of the properties of the entrained solids simulant to actual entrained solids has not been performed due to the limited availability of actual AN-102 entrained solids in current samples.
Sr/TRU process testing with the AN-102 simulant to compare to the actual AN-102 waste performance is in progress.
SIMULANT DEVELOPMENT ORGANIZATION
The AN-102 diluted supernate and entrained solids simulants were developed at Westinghouse Savannah River Company, Savannah River Technology Center. The primary contact for the simulant development work is:
